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What is Stentor coeruleus? Stentor 
coeruleus is an astoundingly large 
(~1 mm long) single-celled pond 
organism with a distinct trumpet 
shape and a well-defined morphology 
(Figure 1). The name Stentor is 
a reference to its trumpet shape 
and the herald in Greek mythology 
known for having a loud voice, while 
coeruleus describes the blue–green 
pigment specific to the species. 
Abraham Trembley, who thought it 
was a type of hydra, first identified 
Stentor in 1744; but actually Stentor 
is a member of the Ciliate phylum in 
the class Heterotrichae. 
Stentor isn’t just big and blue. 
It has a highly complex body plan 
and a rich repertoire of behaviors, 
including the ability to learn. But 
Stentor is most famous for its 
amazing regenerative abilities. If a 
Stentor cell is cut in half, each half 
regenerates a half-sized cell with 
normal anatomy. Even if a single cell 
is cut into multiple small fragments, 
each fragment will generate into a 
normal-looking cell. The fact that a 
single cell could rebuild its complex 
anatomy while displaying many of the 
same developmental processes as 
animal embryos, including axiation 
and induction, grabbed the attention 
of the leading embryologists around 
1900, including Balbiani, F.R. Lillie, 
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Figure 1. Anatomy of a Stentor coeruleus cell.
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Following the lead of these early 
luminaries, Vance Tartar and Noël 
De Terra developed an astounding 
variety of microsurgical procedures 
designed to probe the mechanism 
of regeneration. Perhaps the most 
interesting classical discovery is 
that Stentor cells possess a region 
of their cortex known as the locus 
of stripe contrast, where widely 
spaced cortical rows are adjacent 
to narrowly spaced rows, which can 
induce the formation of additional 
body axes similar to an organizer 
region in metazoan development. 
But despite the interesting questions 
these observations raise for basic cell 
biology, Stentor was never developed 
as a molecular model system until 
now, and the mechanism of pattern 
formation and regeneration in Stentor 
remains unknown. 
How can fragments of a single-
celled organism regenerate into 
whole organisms? One of the most 
fascinating unanswered questions 
about Stentor is how the cell is able to 
heal and regenerate after injury. Why 
doesn’t the cytoplasm leak out after 
the cell is cut open? How are multiple 
cells able to regenerate from different 
fragments of an original cell? How 
does a cell know which structures 
are missing and then specifically and 
properly regenerate them? There must 
be molecular pathways that determine 
which structures are present, and 
which are missing and thus need to 
be replaced, but how this works is a 
complete mystery that challenges our 
fundamental conception of what a cell 
can and can’t do.Elongated
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regeneration? Almost any piece of 
Stentor can regenerate as long as it 
contains part of the macronucleus 
and a small portion of the original cell 
membrane/cortex. The macronucleus 
in Stentor is highly polyploid and 
extends along the length of the whole 
cell.  Due to the high ploidy, even 
a fraction of the macronucleus will 
contain many copies of the entire 
genome, which is one of the reasons 
this cell can regenerate after being cut 
into small pieces.  As for the quantity 
of cytoplasm needed to support 
regeneration, Lillie and Weisz both 
found that surgically produced cell 
fragments must be at least 70–80 mm in 
diameter in order to regenerate given 
the presence of a macronuclear node. 
Also, grafting multiple cells together 
is possible and in some cases the two 
cells can maintain a fused state and 
divide as a stable doublet cell with 
two mouths and a single tail in the 
proper orientation. These experiments 
highlight the phenomenon of cortical 
inheritance often seen in ciliates, and 
which has been well studied by Joseph 
Frankel in Tetrahymena thermophila.
Why isn’t Stentor more widely 
studied? Although Stentor coeruleus 
was quite well studied through the 
mid-1900s, the inability to grow cells 
at high densities and the inability to 
perform genetic crosses due to low 
mating frequencies likely persuaded 
scientists to turn to better biochemical 
and genetic models for study. In 
addition, the vast majority of the 
microsurgical work was performed 
by just two scientists, Vance Tartar 
and Noël De Terra, both of whom Contracted
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The type III secretion system (T3SS) is 
a membrane-embedded nanomachine 
found in several Gram-negative 
bacteria. Upon contact between 
bacteria and host cells, the syringe-
like T3SS (Figure 1) transfers proteins 
termed effectors from the bacterial 
cytosol to the cytoplasm or the plasma 
membrane of a single target cell. This 
is a major difference from secretion 
systems that merely release molecules 
into the extracellular milieu, where 
they act on potentially distant target 
cells expressing the relevant surface 
receptors. The syringe architecture 
is conserved at the structural and 
functional level and supports injection 
into a great variety of hosts and 
tissues. However, the pool of effectors 
is species specific and determines 
the outcome of the interaction, via 
modulation of target-cell function.
The T3SS-mediated phenomenon 
of contact-dependent translocation 
of bacterial proteins into host cells 
was first reported for Yersinia pestis 
20 years ago. Since then, studies have 
shown that bacteria use this system to 
communicate with organisms belonging 
to other kingdoms, including protists, 
fungi, plants and animals. 
Both commensal and pathogenic 
bacteria express T3SSs. Nevertheless, 
the T3SS has received far more attention 
in microorganisms that cause disease in 
humans, livestock or crops because of 
the social and economic consequences. 
In fact, the T3SS is a crucial virulence 
factor in many bacteria, as highlighted by 
the reduced, if not abolished, virulence 
of bacterial mutants with impaired 
secretion. Table 1 gives an overview of 
model bacteria endowed with T3SSs.
Two classes of T3SSs have been 
described: the flagellar and the non-
flagellar T3SS, which is also termed 
the injectisome. This Primer will only 
discuss non-flagellar T3SSs. 
Structure and assembly of the 
injectisome
The T3SS is an approximately 
3.5 MDa complex that spans the unfortunately passed away before the 
development of many technologies 
that have made Stentor a more 
tractable system, and much of their 
expertise was lost with them.
What can we learn from studying 
Stentor? Stentor coeruleus is a 
uniquely tractable model for studying 
complex morphogenesis at the level 
of a single cell without needing to 
worry about external influences from 
neighboring cells that are present 
in metazoan development. Whether 
or not any of the mechanisms that 
regulate Stentor morphogenesis are 
conserved in metazoans remains an 
open question but further research 
might shed light on how complex 
single cells are organized. Stentor 
may also be useful for studying wound 
healing within cells, as it has the ability 
to maintain its integrity even after 
severe surgical manipulations. As a 
final example, Stentor could be useful 
as a model for memory at the level of 
a single cell. Work from David Wood 
has shown that Stentor possesses 
the ability to habituate to mechanical 
stimuli and can remain habituated 
over the course of hours, although 
no molecular mechanism for this 
phenomenon has been determined. 
What tools are available for 
studying Stentor? Stentor coeruleus 
is easily imaged on even the 
most basic microscopes at low 
magnification, where the majority of 
the cell structures can be resolved. 
As discussed previously, Stentor 
is amenable to microsurgical 
manipulation, including surgical 
removal of specific regions of the cell 
and even grafting of cell fragments 
onto other cells. Recently, RNA 
interference methodology has been 
adapted and shown to be an effective 
method for probing gene function 
in Stentor. This can be achieved by 
feeding the Stentor with bacteria 
expressing long double-stranded RNA 
corresponding to a gene of interest for 
3–5 days. 
What about classical genetics? 
Ciliate genetics has been developed 
to a high level in Tetrahymena and 
Paramecium, but has never been 
developed as a tool for Stentor, owing 
to the low frequency of mating under 
standard laboratory conditions. There 
are a handful of studies that describe 
mating in Stentor coeruleus, and show that isolates from different locations 
have the ability to form mating pairs 
that look similar to mating pairs from 
other ciliates. Previous studies on 
Stentor, and work from other ciliates, 
suggest that stressful conditions such 
as starvation or temperature shifts can 
induce conjugation but these protocols 
do not seem to be successful in our 
lab strain. We have seen cells with 
altered morphologies consistent 
with descriptions of pre-conjugation 
but mating pairs have never been 
obtained, possibly because standard 
laboratory cultures only contain cells 
of a single mating type. Interestingly, 
mating pairs have been seen in two 
different species of Stentor obtained 
from the wild after being isolated for 
24–48 hours without additional food, 
so there is potential for conjugation 
in Stentor coeruleus by isolating cells 
from natural sources. Development 
of classical genetics in Stentor could 
be a very powerful tool for furthering 
Stentor coeruleus as a useful model 
organism. 
Is there a Stentor coeruleus genome 
project? The macronuclear genome of 
Stentor coeruleus has been sequenced 
and assembled, and is currently being 
annotated in our lab. Once completed, 
the genome will be publicly accessible 
on the stentor.ciliate.org server. 
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